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E-m ail: s o p h ie .s a e s e n @ s te r .k u le u v e n .b e
A b stra ct. In  2005 a  pho tom etric  observation  cam paign  s ta r te d  on th e  open  cluster x  Persei, 
involving 13 telescopes sp read  over th e  w hole n o rth e rn  hem isphere. A fter tw o years we gathered  
alm ost 1200 hours of d a ta . We p resen t here  p re lim inary  resu lts  on  th e  variab ility  search, 
especially from  th e  60-cm  telescope in  B ialkow  (P oland), w hich show seven confirm ed ß  Cephei 
s ta rs , four can d id a te  B -type  pu lsa to rs  and  o th er in teresting  variable stars.
1. I n t r o d u c t i o n
Recent breakthroughs in the asteroseismic modelling of ß  Cephei stars have resulted in a 
better understanding of the interior structure of these stars. After the successful multi-site 
campaigns on some selected ß  Cephei stars, like HD 129929 [1], v  Eridani [2] and 12 Lacertae 
[3], we are now ready to take the next challenging step in this research area, i.e. to try  and 
perform asteroseismology of such stars in clusters. The simultaneous exploitation of oscillation
©  2008 IOP Publishing Ltd 1
Proceedings of the Second HELAS International Conference
Journal of Physics: Conference Series 118 (2008) 012071
IOP Publishing
doi:10.1088/1742-6596/118/1/012071
San Pedro Mártir (Mexico) - 84-cm - uvby •
Baker (Missouri, USA) - 40-cm - VB •
La Palma (Canary IsL, Spain) - 120-cm - VUBI • 
St-Luc (Switzerland) - 60-cm - VBI
Vienna/Michelbach (Austria) - 80-cm/40-cm - VBI •
• Biatków (Poland) - 60-cm - VBI
• Athens (Greece) - 40-cm - VI
• Tübítak/Ege (Turkey) - 150&40-cm/40-cm - VUB
• Xinglong (China) - 50-cm - V
• Mt. Sobaek (South Korea) - 61 -cm - VBI
F ig u r e  1. A world map with the participating observing sites and their characteristics (telescope 
diameter and filters used).
San Pedro Mártir 
Baker 
La Palma 
St-Luc
V ienna/M ichelbach
Bialkow
Athens
Tubitak/Ege
Xinglong
Mt. Sobaek
2005 2006
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
8007
Oct Nov Dec Jan Feb Mar
--- 1—1----- ----- 1--■-- — !— ; ; ,
! ! ! ! ! ■ — *-!----- 1— r 1- : : : :
----- 1----- 1----- 1----- 1----- I ■ ■ i ! » m u !- , 1 I  IÈ 1
i i i i 
-----------1-----------1----------- 1-----------1-----------
1 i 1 1 I f  1 
-----I - * 1-----------
1 ----------!----------
i i i i
-i— NF1- , 0 ,  ■
Aug Sep Oct Nov Dec 
2005
Jan Feb Mar Apr May Jun
21
Jul Aug
106
i ■
Sep Oct
■ ■ .i . ■
Nov Dec Jan
1
Feb Mar
2007
F ig u r e  2. The distribution of the data in time per observing site. All observations were taken 
with CCD cameras, except at San Pedro Mártir and La Palma (September-October 2006, dark 
orange) where a photometer was used.
frequencies in stars in the same environment (same age and same chemical composition at birth) 
obviously has many advantages as it provides us with more severe constraints.
A few young open clusters are known to have ß  Cephei type variables. We have selected one 
southern cluster, NGC 3293 [4], with eleven ß  Cephei stars known before the campaign and two 
northern clusters, NGC 6910 [5] and NGC 884 (x Persei) with respectively four and two known 
variables of this type.
2. O b s e r v a t io n s
For the project to be successful, we need enough accurate measurements with a long time 
base. Moreover, we can deduce the oscillation frequencies with high precision and avoid aliasing 
problems only if the data are collected almost continuously. That is why we set up a large-scale 
multi-site campaign with 13 telescopes participating, spread over the northern hemisphere. We 
wanted to obtain differential time-resolved multi-colour CCD photometry of a selected field 
of x Persei that contains the two known ß  Cephei stars. Also some photo-electric data were 
collected.
A first smaller campaign started end August 2005 and lasted till March 2006 and 250 hours 
of observations were gathered at 4 sites. The main multi-site campaign occurred from July 
2006 till March 2007. In this period, 9 more telescopes joined and we obtained 940 hours of 
measurements. In total the intensive monitoring of the cluster produced 73650 CCD frames, 
92 hours of photo-electric data and involved more than 50 observers. An overview of all the 
observing sites can be found in Figure 1 and the distribution of the data in time in Figure 2.
Due to the high number of CCD frames, the reduction of our data is still ongoing. We present 
in section 3 the preliminary results obtained by analysing all Bialkow images in the V -filter. In
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F ig u r e  3. The differential light-curves in the V -filter of the seven confirmed ß  Cephei stars 
during three selected nights of Bialkow data.
total we have 11720 CCD frames taken over two observation seasons which were mainly from 
September 2005 till October 2005 and September 2006 till December 2006. An accuracy better 
than 3 mmag is achieved for the brightest stars.
3. P r e l i m in a r y  r e s u l t s
The analysis of the first season of Bialkow data [5] confirms the pulsations of the two ß  Cephei 
stars Oo 2246 and Oo 2299 [6] discovered by Krzesinski & Pigulski [7]. Moreover, five more 
variables of this type were found: Oo 2085, Oo 2444, Oo 2488, Oo 2566 and Oo 2572. An 
extract of the light-curves of the second season of these stars is shown in Figure 3. Furthermore, 
the whole Bialkow dataset permitted us to detect two candidate ß  Cephei/SPB stars: Oo 1977 
and Oo 2579, and two candidate SPB stars: Oo 2191 and Oo 2455. In addition, the observed 
field of % Persei contains several eclipsing binaries and other variable stars.
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F ig u r e  4. The periodograms in subsequent stages of prewhitening of the ß  Cephei star 
Oo 2572. We detect two frequencies: f 1 =  4.414(7) d_1 and f 2 =  3.76(1) d_1 with amplitudes 
A 1 =  5.1 mmag and A 2 =  1.7 mmag.
An initial frequency analysis reveals the multi-periodic character of at least four of the seven 
confirmed ß  Cephei stars. Figures 4 and 5 show periodograms in the subsequent phases of 
prewhitening of respectively Oo 2572 and Oo 2488 as calculated by Period04 [8]. In Oo 2572 
we find the frequencies f 1 =  4.414(7) d_1 and f 2 =  3.76(1) d_1 with respective amplitudes 
A 1 =  5.1 mmag and A 2 =  1.7 mmag. In Oo 2488 we also find two frequencies f 1 =  6.168(0) d_1 
and f 2 =  6.97(5) d _1 with larger amplitudes A 1 =  7.4 mmag and A 2 =  2.1 mmag.
These first results are very promising for our future analysis of all campaign data. We hope 
to confirm the oscillating character of the candidate pulsators and the existence of other variable 
stars.
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F ig u r e  5. The periodograms in subsequent stages of prewhitening of the ß  Cephei star 
Oo 2488. We detect two frequencies: f 1 =  6.168(0) d_1 and f 2 =  6.97(5) d_1 with amplitudes 
A 1 =  7.4 mmag and A 2  =  2.1 mmag.
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